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Abstract 
This article describes the development of teaching keyboard harmony with the help of different digital learning 
material generations prepared by the author. Important factors proved to be functioning hardware and software and 
the continued tailoring of the learning material. The experiences are consistent with those in computer-assisted 
education in general, where better learning results are achieved with motivated students. The students commented 
positively on the independent and motivating method of practicing. They also appreciated the transferability of the 
skills to the school task and considered the assessment of the digital portfolio to be fair. 
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Prof. Heikki 
Ruismäki and adj.prof. Inkeri Ruokonen 
 
Keywords: Piano teaching; digital learning material; keyboard harmony; digital portfolio 
1.  Background 
In the University of Helsinki, a piano laboratory was introduced into the class teacher education 
program almost 20 years ago. This was due to both educational and financial reasons. Prior  students with 
a heterogenic musical background (if any) were taught to play the piano according to the traditional 
paradigm, i.e. long courses of individual teaching using two-stave notation and acoustic pianos. Although 
many resources were used with respect to the number of lessons and teachers, there was no evidence that 
 
*Corresponding author, Tel.: +358 407487727 
E-mail address: anja.oksanen@helsinki.fi 
 
Available online at www.sciencedirect.com
 2012 Published by Elsevier Ltd. Selection and/or peer eview under responsibility f Professor Heikki Ruismaki 
and Adjunct Professor Inkeri Ruokonen Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
96   Anja Oksanen /  Procedia - Social and Behavioral Sciences  45 ( 2012 )  95 – 103 
through this traditional method sufficient skill to accompany students at school was achieved or learning 
to play the piano was a motivating experience for the students. 
Since 1992, the author's piano teaching was gradually transferred first to a combined teaching method 
(traditional and piano studio methods) and later entirely to a group learning environment using electric 
keyboard instruments in the piano laboratory. Thereafter, notation based on melody and chord symbols 
and keyboard harmony became an established practice in these courses that taught accompaniment skills. 
strict notation. The style of keyboard harmony used can to be decided by the pianist in many ways, such 
as through different chords and playing strategies. What is good accompaniment cannot be defined 
 
in the Oksanen, 2003a), after which the development has continued to the 
present learning environment as described below.  The starting point of the study was to develop the 
-assisted instruction) environment. The 
development answered need to develop computer-assisted teaching and also to study that teaching. 
Theoretical factors influencing the learning and teaching of music and piano playing, as well as 
communication and computer-assisted instruction, were examined in general, because the developed 
teaching method differs from traditional piano teaching methods. Interviews and questionnaires were used 
partial record tfolio prepared by the students, 
were done. End-of-course playing examinations were given and student feedback forms were collected. 
The preparation and use of the digital learning material in six generations was observed from the 
harmony part of the courses as per prevailing curriculum were as follows: Basic studies in music 
education (1998-2012, n=609), Optional studies in music education (1998-2012, n=269), Minor subject of 
music education (1998-2012, n=118), Basics of music theory and Minor subject of arts and skills 
education (2006-2012, n=220). 
2. The Piano Laboratory as a Learning Environment 
The piano laboratory is an environment of exploratory learning where learning takes place mostly by 
doing. The features of electric musical instruments, together with the digital learning material prepared by 
the author, offer a great amount of information to the students, including the different variables in piano 
of different musical elements. The inclusion of rhythm helps learning as well. 
In a successful learning environment, there is an emphasis on student activity, self-monitoring and 
interaction with the subjects to be learned. When a student can set goals for herself/himself, adjust the 
learning process and influence the length and difficulty of the exercises, the pace at which studying will 
probably achieved. Student-centrism affects in-depth learning comprehension (Olkinuora, Mikkilä-
Erdmann, Nurmi & Ottosson, 2001). Social and emotional factors together with motivation have a crucial 
effect on learning. Moreover, learning`s connection to cognitive action is attached to motivation, ambition 
and preoccupation.  Motivation increases if the subject to be learned can be applied in the real world 
(Järvenoja, 2006). Further, a transfer effect is more probable if the student has experienced that strategies 
help in learning and if learning has taken place with positive experiences (Salovaara, 2006).  Studying 
accompaniment skills in a digital environment can also be approached from the multimedia point of view, 
where the information is processed separately for visual and aural channels (Mayer, 2001). In keyboard 
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harmony, the motor skills of the hands require their own channel in respect to muscle memory and 
playing skills. In learning, it is important that the information presented is relevant and applicable to 
ntations 
that link observations with theory and show the big picture (Salovaara, 2006). Simulations benefit 
performance, which requires meta-cognitive thinking (Lajoie, 1993). Meta-cognitive knowledge helps to 
observe and monitor thinking and action (Iiskala & Hurme, 
 
For the purpose of the differentiated learning of keyboard harmony for various skill levels and 
accompaniment styles, the author has prepared hundreds of digital recordings in MIDI format using 
sequencing and accompaniment software over the past 15 years. In this way, different kinds of students 
can be taken into account in the group learning environment. The author's digital interactive material 
makes it possible to teach playing in parts starting from a melodic or a harmonic base or by changing 
tempi, rhythms, sounds and so on. The melodic, rhythmic and harmonic bases can be listened to 
separately. Also, both hands can be practiced separately or simultaneously with the rhythmic background. 
The playing can be visualized, either with the keyboard or score for purposes of analysis during the 
exercise. Rhythm supports the teaching in different parts of the accompaniment. Simulations also teach 
skills in accompaniment. The digital piano together with the learning material form an environment that 
mirrors an accompaniment situation at school and thereby enhances the transfer effect of learning. The 
students can direct their own activities and solve problems independently. Digital learning material can 
also be differentiated during the lesson if necessary. It can be used for playing on using chord symbols 
against melodic, rhythmic and harmonic backgrounds. A part of the course material is meant to be played 
with different combinations of musical instruments (e.g. an orchestra). 
3. The Development of the Digital Learning Material 
In the early years, from 1992 to1999, the learning environment in the piano laboratory included, 
according to the Zeitgeist, separate computers and sound module equipment in addition to the electric 
keyboard instruments and headphones. The transfer from teacher-centered individual learning to group 
learning was a significant change. Also, becoming familiarized with a new hardware and software 
environment was time consuming. The new environment quickly showed the potential of computer-
assisted education for an activating and student-centered way of learning.  
The motives behind the digital learning material were to support the teaching, enrich it with new 
media, improve the quality of the learning material and to develop new ways of teaching. No digital 
learning material for short differentiated courses for becoming adult Finnish teachers was available, 
which is why everything had to be made by the author. In addition most pedagogical literature deals with 
young pupils through a soloist approach and was based on pragmatic traditions rather than on theory. 
The author's first structured learning material generation in MIDI format (97 songs) was used in the 
teaching experimentation year 1998. It included different layers built with the help of sequencing 
software. A rhythmic background on one track, a separate melody track and different left hand 
accompaniment variations (at various difficulty levels) on their own tracks were recorded for each song 
on diskettes. Using separate computer software was problematic because many students found it difficult 
the 
same symbols. This method of working was demanding because one had to master different actions 
simultaneously using a computer monitor, visual notation and a piano keyboard. 
The approach of layering the learning materials ran into difficulty because the students did not know 
how to choose the right layers, i.e. the appropriate accompaniment solutions for their skills. As there were 
many tracks to choose from, much time was consumed in vain with unnecessary listening, and often 
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students started practicing accompaniments that were too difficult for them. When the students were 
allowed to choose how and how fast to proceed, the learning path lost its internal discipline. The open 
ent. This phenomenon has 
been observed in other computer-assisted learning studies (Russel, 1994; Jonassen, 1996; Olkinuora et al., 
2001). During the lesson, a group of six students was too large, considering the need for contact teaching. 
Also, guiding the students through their headphones was difficult when the same repertoire was practiced 
in different versions at the same time. Moreover problems with the complicated equipment needed extra 
attention. The amount of repertoire played was less than in the teaching environment that came after. 
However, many benefits were seen in learning keyboard harmony in this way: for example, the aural 
image of the repertoire being practiced was strengthened, the difficulty of accompaniment learning eased 
when the training could be split into different parts and be listened to in context, and independent problem 
solving and importantly the simulation of an accompaniment situation were taught. 
When the piano laboratory concept established its position in the author's teaching, a new generation 
of electric pianos - including hard disks and built-in computers with software for MIDI processing 
purposes - were acquired in 1999. These pianos were much easier to use than the previous ones from both 
the students' and teacher's point of view. Many unnecessary phases in the learning process could now be 
eliminated. The digital learning material was now saved both on diskettes and in the working memory of 
the instrument. These Yamaha Clavinova CVP musical instruments have been used in the University of 
Helsinki since then, and now the third generation of instruments is in use with many improved features. 
The second digital learning material generation comprised of a wider repertoire (148 songs) in which 
the material technically progressed gradually to more difficult applications for the students. This 
repertoire was used in teaching from1999 to 2000. In each song the purpose was to teach a certain aspect 
of keyboard harmony so that the learning route was goal directed and thus easier for the students. Also, 
differentiating between the parts of the learning material online during the lesson functioned well from 
the teachers' point of view because it was evident after a short aural or visual extract what was being 
practiced by the student. However, the amount of material was insufficient for both the least advanced 
and most advanced students. There was a need for very easy accompaniment and at the same time for 
very challenging material for the most experienced students. The instruments were user-friendly, and no 
additional hardware or software was needed. The pianos and furniture were physically relocated in the 
piano laboratory to be against the walls, which from experience was a more functional solution for 
teaching. The written student feedback was then and has been also afterwards all in all positive towards 
the digital learning material, its activating and self-monitoring way of studying, and also about the smaller 
four-student groups. It was requested that students would be able to record their own playing also outside 
of the exam situation. The flexible time schedule was appreciated, as the students attending could vary 
there from lesson to lesson depending on their program schedule. There was also a wish to be able to 
practice the digital learning material outside the lessons.  
The author received the Learning Technology Prize from the University of Helsinki in 2000. This 
encouraged the author to move on to the next teaching experimentation period from  2001 to 2002, 
including a third generation of learning material in which the key issue was to use copyright-free material 
to be used also outside the university premises. It comprised mostly of traditional folk songs (30 songs) 
with three difficulty levels. The accompaniment styles were largely the same as in the previous generation 
(the learning material gradually increased in difficulty). It was essential to find the right material level for 
practicing, although most of the students used the second and third generation material at the same time. 
Also, the music textbooks required the use of other than copyright-free material. For this purpose, the 
author prepared additional learning material (54 songs + 36 Christmas songs) in 2001. However, at that 
time the students had no appropriate instruments with a diskette station available to practice on outside 
the university. Only one student from one of the class teacher programs had a corresponding instrument at 
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his school. This material generation faded out of use rather quickly because the copyright-free songs were 
of minor interest. 
The fourth generation of digital learning material (2003-) was an update to cover most of the new 
songs in the textbooks, and it was also prepared for the newer keyboard instruments acquired by the 
university. The digital pianos now had a sound world significantly more developed than in the previous 
ones. Additional features of the instruments made more versatile teaching possible. An LCD display 
made it possible to follow the notation, chords and even lyrics and to edit the learning material. As a 
comprehensively.  
In the fifth digital material generation (2008-) recording the students' own playing in a portfolio 
became a central goal, starting from the more advanced courses. The learning environment was the same 
as previously, but now the students recorded their repertoire during the course on diskettes. This made it 
possible to skip the traditional exam situation. The course also included live accompaniment lessons in 
which the students played their accompaniment projects for the whole learning group. Their project 
subjects were chosen by themselves based on songs used in schools for grades 1-6.  
When the students recorded their playing, it was easy to utilize various rhythmic and harmonic 
backgrounds in the digital learning material prepared by the teacher to make a more life-like playing 
situation - especially in accompaniment based on chords only i.e., comping. The stude
development of their accompaniment skills could be demonstrated. In addition to the regular course 
feedback, a self-assessment form was introduced on which the students judged their own development of 
keyboard harmony skills. They also chose what they felt to be their ten best recordings from their 
portfolio and assessed them according to school accompaniment situation criteria. The student
evaluations done were in parallel with those of the teacher. In the assessments, it was found that it is 
crucial to practice playing in a group in order to develop accompaniment skills and that this can be 
achieved in a piano laboratory environment. 
Phase six in the development of the digital learning material began in autumn 2011 when the newest 
instruments, which had a memory stick interface, made it easy to interact with the current kind of 
computers. During that time a major update of all the learning material was carried out. The newest 
material returned to the layer-based approach, but with a new emphasis. Most of the material still 
concentrated on accompaniment with both melodies and chords, but hereafter more on chords only, that 
is, comping. One MIDI track was used for rhythmic and harmonic backgrounds, exploiting the impressive 
sound bank and different music styles of the digital piano (which has sounds from a baroque orchestra to 
a big band and a rock group). The second track included the melody for the right hand, and the third track 
just the left hand part. After a short interlude of verses, the melody can be heard played with some other 
 as in the second 
generation  gradually includes more difficult approaches and is now easily able to be tailored by the 
teacher during the lesson. It can also be enough for a student to practice playing a plain harmony and 
background rhythm, which can inspire studies as such. 
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As a summary, the different development phases were as follows: 
Table 1. Developmental phases of the digital material generations 
Generation Years Learning Material Type Hardware, software 
 
1992-
1997 
Gradual transfer from traditional teaching to a group 
learning environment in a piano laboratory 
Separate computers & software. Yamaha 
CLP-560. Diskettes. Acoustic pianos 
I 
1998-
1999 
Different layers  
 
Separate computers & software. Yamaha 
CLP-560. Diskettes 
II 
1999-
2000 
Gradually more difficult applications 
Built-in computers. Yamaha CVP-92. 
Hard disk and diskettes  
III 
2001-
2002 
As II but copyright-free material 
Built-in computers. Yamaha CVP-92. 
Hard disk and diskettes 
IV 
2003-
2010 
Material update of II. Benefit from new instruments 
Built-in computers. Yamaha CVP-405. 
Hard disk and diskettes  
V 
2008-
2010 
As IV but student portfolio recorded for evaluation 
Built-in computers. Yamaha CVP-
405/505. Hard disk and diskettes/ 
VI 2011- 
Major update, different layers with new emphasis, benefit 
from new instruments. Student portfolio for evaluation 
Built-in computers. Yamaha CVP-505 
Hard disk and  memory sticks 
 
4. Summarized Thoughts and Feedback from the Development Phases 
In all of the material generations, teacher-centeredness was reduced, the students were supported in 
reaching their goals, and the piano laboratory encouraged the use of self-instruction and self-evaluation, 
thereby helping the students to manage as accompanists in different situations. It was essential to 
differentiate the part of the learning material during the lessons, which were attended by students with 
different skills and from different courses simultaneously. 
Whatever generation of the digital learning material has been used, the student feedback has been 
p
method. Especially good ratings were given to the aural images of the repertoire made possible by the 
digital learning material, the ability to practice each hand separately, and the way the material 
demonstrated how things are to be learned. The package of various accompaniment styles was considered 
important, but it could not substitute for the teacher, whose help was needed every now and then. The 
aural image also helped when a student had had previous studies in piano playing. Some students 
mentioned that the images were useful even when playing from the score. The possibilities for self-
monitoring in the learning process were appreciated. The learning process had fostered positive feelings 
of success. Feedback was also received about the pleasure of being able to influence the choice of 
the group, but this was not a significant issue, because there was always something to work on. The 
flexible schedule in the piano laboratory, which the students could influence, was especially praised. The 
students felt that the learning situation was encouraging and positive. Assessments of the learning process 
showed that most of the students learned many new things during the course, for example accompaniment 
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styles including music theory in practice. In the feedback, many students mentioned that keeping the 
musical pulse improved. Some stated that their self-confidence and playing technique improved, which 
gave them confidence in their control of the piano. Also, the large repertoire was considered to be 
motivating, and the new ways of accompaniment were found enriching for the task at school.  
The students with prior musical experience appreciated the creative aspect of using key-board 
harmony after their previous habits of notational playing. For them, learning accompaniment skills and 
keyboard harmony presented a new challenge. It was important to recognize that accompaniment does not 
need to be perfect. One must flow with the music and perhaps accept minor mistakes, which do not matter 
in a class situation, and the teacher had to urge the students not to overdo their practicing when making 
their portfolio recordings. The students felt that assessment by means of the portfolio was fair and less 
stressful than a traditional examination. 
The positive feedback has to do with motivation as well. Many were very excited about the keyboard 
harmony, which was considered to be something creative instead of their previous experience of 
notational piano playing only. Keyboard harmony as such and connected to digital instruments was 
exhilarating. In addition the possibility for the students to set targets and learning strategies and assess 
their own skill development was considered important. Motivation has to do with target orientation, 
emotions and human interest and is connected to cognitive action and the possibility of applying the 
learning subject in real life.  
Recording the performances in a portfolio for later evaluation encouraged the students to compete with 
themselves and achieve good results. Continuing self-assessment enhances learning and encourages better 
playing, thereby increasing motivation. When assessing the accompaniment skills, there is an emphasis 
on how appropriate tempi and a logical musical pulse are applied to singing or physical practice at school. 
The author has many years of experience in teaching keyboard harmony with traditional acoustic pianos 
as well. It seems that the intensity and effectiveness of learning keyboard harmony is better in the piano 
laboratory. This is an important observation because there are a limited number of group lessons available 
in class teacher education. 
The above-mentioned experiences in class teacher education are consistent with those from computer-
assisted education in general. With the help of computers, better learning results are achieved as 
compared to traditional education and motivation and positive learning attitudes are achieved, while the 
memorization of learning material and carrying out different routine tasks are improved (Sinko & 
Lehtinen, 1998; Lehtinen, 2006). In this sense, teaching in the piano laboratory has fulfilled its purpose.  
instruction and tailoring in a mixed group is challenging. The learning environment must be easy to use, 
and the storing of r
-
output with the portfolio is also time-consuming. However, now there are recordings available from many 
years, and therefore the development of teaching and learning is based on digital facts instead of notes 
and personal memories. On the other hand, a learning environment with flexible time schedules has 
increased fluency 
 
5. Conclusion 
group learning in the piano laboratory. Studying with the help of these recordings can only be carried out 
on the university premises, which affects how it is organized. Copyright legislation limits the use of most 
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digital learning material to the physical premises of the piano studio. In the present arrangement, no time-
consuming and expensive permission administration is needed for the copyright-protected material. For 
the same reason, teaching cannot be carried out through the Internet without significant financial and 
administrative input from the university. In any case, through the piano laboratory and group learning, the 
financial input into the piano teaching of future class teachers could also be reduced significantly 
compared to the traditional teaching paradigm. 
of keyboard harmony. It has changed over the long period of experience and development supported by 
music theory in class teacher education. The digital portfolio method will be extended to primary courses 
as well. The use of digital learning material requires the teacher to continuously update and renew the 
material for keyboard harmony and to exploit digital musical instruments. For the author, the experiences 
and feedback speak strongly to the usefulness of the method.  
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